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Objectives: As of July 2013, pediatric resident trainee guidelines in the United States no longer require proficiency in nonneonatal tracheal intubation. We hypothesized that laryngoscopy by pediatric residents has decreased over time, with a more pronounced decrease after this guideline change. Design: Prospective cohort study. Setting: Twenty-five PICUs at various children's hospitals across the United States. Patients: Tracheal intubations performed in PICUs from July 2010 to June 2016 in the multicenter tracheal intubation database (National Emergency Airway Registry for Children). Intervention: None. Measurements and Main Results: Prospective cohort study in which all primary tracheal intubations occurring in the United States from July 2010 to June 2016 in the multicenter tracheal intubation database (National Emergency Airway Registry for Children) were analyzed. Participating PICU leaders were also asked to describe their local airway management training for residents. Resident participation trends over time, stratified by presence of a Pediatric Critical Care Medicine fellowship and airway training curriculum for residents, were described. A total of 9,203 tracheal intubations from 25 PICUs were reported. Pediatric residents participated in 16% of tracheal intubations as first laryngoscopists: 14% in PICUs with a Pediatric Critical Care Medicine fellowship and 34% in PICUs without one (p < 0.001). Resident participation decreased significantly over time (3.4% per year; p < 0.001). The decrease was significant in ICUs with a Pediatric Critical Care Medicine fellowship (p < 0.001) but not in ICUs without one (p = 0.73). After adjusting for site-level clustering, patient characteristics, and Pediatric Critical Care Medicine fellowship presence, the Accreditation Council for Graduate Medical Education guideline change was not associated with lower participation by residents (odds ratio, 0.86; 95% CI, 0.59-1.24; p = 0.43). The downward trend of resident participation was similar regardless of the presence of an airway curriculum for residents. T racheal intubation (TI) is a life-saving procedure in critically ill infants and children (1) . Critically ill children often have challenging airway anatomy, low oxygen reserve, or life-threatening hemodynamic instability that places them at high risk for TI-associated adverse events. These challenges, coupled with the low frequency of pediatric trainee exposure to airway management, make TI procedural competency difficult to achieve.
Published TI participation and success rates of pediatric residents have been suboptimal: approximately 20-30% for participation and 30-50% for success, respectively (1-3). Our previous study across 15 PICUs showed that resident-level provider TI success is lower and that adverse TI-associated events are significantly higher when compared with fellow-level providers (2). These findings were thought to be due to limited exposure and lack of structured airway management training for pediatric resident trainees.
Pediatric residents are expected to achieve competence in specific procedures by the end of residency training in the United States (4) . A recent update in the Accreditation Council for Graduate Medical Education (ACGME) guidelines (effective from July 2013) eliminated the requirement for nonneonatal TI, while retaining the requirement of neonatal TI proficiency (5) .
With the recent change in ACGME guidelines eliminating nonneonatal TI requirement, both resident participation and success rates in PICU TIs may have substantially declined. However, since the 2013 ACGME guideline change, there has been limited information describing the trend of pediatric resident TI participation and first-attempt success rates in a wide range of PICUs across the United States. Given that the local needs for pediatricians' technical skills are variable across the United States, it is possible that some pediatric residency programs continue training for nonneonatal TIs.
The study's primary aim is to describe the trend of pediatric resident TI participation over time and first-attempt success rates in a wide range of PICUs across the United States using an existing large quality improvement TI safety database: National Emergency Airway Registry for Children (NEAR4KIDS). This study also aims to explore the association between resident participation and training structure, including the presence of a Pediatric Critical Care Medicine (PCCM) fellowship and the existence of an airway management training curriculum for residents.
Our specific hypothesis was that the participation of pediatric residents in TIs as first laryngoscopists has declined over time, and that the 2013 ACGME residency requirement change significantly impacted the participation rate. Secondary hypotheses were that the decline in pediatric resident participation would be more pronounced in PICUs with PCCM fellowship and would be less prominent in PICUs with an existing airway management training curriculum for residents.
MATERIALS AND METHODS

Study Design
This is a retrospective multicenter cohort study in 25 PICUs with pediatric residency training programs across the United States from July 2010 to June 2016 (six fiscal years [FYs] ). Institutional Review Board (IRB) approval or exempt from review status was obtained at each participating site. For the additional questions regarding resident airway management training curriculum and expectations for TI procedure, IRB exemption was granted at the data coordinating center for this study.
Data Collection
Multicenter TI Data. A deidentified dataset was obtained from the prospective multicenter observational cohort of TIs that were reported to the NEAR4KIDS quality improvement project. The NEAR4KIDS database was created by members of the Pediatric Acute Lung Injury and Sepsis Investigators Network (1, (6) (7) (8) (9) (10) (11) (12) (13) (14) . Collected TI variables included patient characteristics (such as demographics and TI indications), provider characteristics, TI method details, process of care variables (i.e., number of attempts), and TI outcomes (i.e., first-attempt success). Data collection was standardized with operational definitions for each data point. Each site developed a compliance plan to ensure accuracy, complete data capture, and timely data entry (1, 6, 7) . Data quality and compliance were crosschecked by the data coordinating center.
We included only initial TIs and excluded existing tracheal tube changes. We included only TIs in PICUs from institutions within the United States with an existing pediatric residency program. We excluded TIs occurring outside the PICUs such as in emergency departments or in operating suites, since the majority of nonelective nonneonatal TIs occur in PICUs, and the database does not consistently include TIs occurring in emergency departments from each institution. We excluded ICUs where pediatric residents do not routinely rotate, such as many cardiac ICUs.
Outcome Definition. The primary outcome was pediatric resident trainee participation in TI procedures as a first laryngoscopist. The secondary outcome was first-attempt success in TI by pediatric resident trainees.
Pediatric Airway Management Training Structure. For each participating site, the principal investigator (PI; a PICU attending physician) was contacted by the investigators to identify the training structure for resident airway management. Specifically, each site PI was asked about PICU training demographics (presence of pediatric residency and PCCM fellowship programs), presence of an airway management training curriculum for pediatric residents, and details regarding the training modality (e.g., simulation-based education, hands-on TI practice in the operating suites, and didactic activities) and frequency. The PIs were also inquired about the expectation of pediatric residents to perform TIs in the PICU. Each PI was encouraged to discuss responses with other attending physicians within their division to ensure the accuracy of the response. Research Electronic Data Capture was used to facilitate the data collection (15) . The data coordinating center contacted the site PI for their timely and full responses.
Sample Size Estimation
The sample size was calculated using a published study which showed that residents participated in nearly 30% of intubations in 15 PICUs from July 2010 to December 2011 (2) . With an assumption that TI numbers are three times larger in FY 2016 with an increased number of participating PICUs, a sample size of 4,436 (3,327 in FY 2016) was estimated to detect an absolute difference of 5% in resident participation between FY 2011 and FY 2016 with α = 0.05 and β = 0.1.
Statistical Methods
Our study evaluated the trend in pediatric resident participation in TIs as first laryngoscopists. The term "trend" refers to the change over time in this article. Demographics were described with proportion, and nonnormally distributed continuous variables were described with median with interquartile range. Inferential statistics were performed using the chi-square test for categorical variables, and Wilcoxon ranksum test for nonnormally distributed variables. The trend over time was evaluated by nonparametric test for trend as previously published (16, 17) . The impact of updated ACGME guidelines was evaluated through a multivariable logistic regression by using a generalized estimate equation model to account for clustering within each PICU, while adjusting for patient-level characteristics and presence of a PCCM fellowship program. These patient-level covariates were selected if they were associated with resident participation in TI in univariate analyses (p < 0.1). Results were considered statistically significant if p value was less than 0.05.
RESULTS
TI Participation by Pediatric Residents Over Time
A total of 9,203 TIs were reported from 25 PICUs (18 PICUs with a PCCM fellowship, seven PICUs without a PCCM fellowship). Pediatric residents participated in 1,471 TIs (16%).
Pediatric residents were the first laryngoscopists more often in patients who were younger and had lower Pediatric Index of Mortality (PIM) 2 scores ( Table 1) . Pediatric residents participated less often in patients with shock as an indication for intubation, history of difficult airway, or any difficult airway features.
The resident TI participation rate was significantly lower in PICUs with PCCM fellowship programs (1,146/8,245; 14%) versus PICUs without fellowship programs (325/958; 34%; p < 0.001). The overall resident TI participation has decreased steadily over time (3.4% each year; p < 0.001) as shown in A multivariable analysis accounting for site-level clustering and adjusting for patient characteristics and PCCM fellowship presence demonstrated a significant yearly decline of resident TI participation (odds ratio [OR], 0.80 for each successive year; 95% CI, 0.70-0.91; p = 0.001); however, the decline was not significantly affected by the change in ACGME guidelines (OR, 0.86; 95% CI, 0.60-1.25; p = 0.43) as shown in Table 2 . The result was similar when we limited the analysis for sites participated in the registry for the entire study period.
TI Success by Pediatric Residents Over Time
The resident first-attempt success rate was significantly higher in PICUs with PCCM fellowship (449/1,146; 39%) than PICUs without fellowship (102/325; 31%; p = 0.01). The resident TI first-attempt success rate did not change over time (z = 1.27; p = 0.21) regardless of the presence of PCCM fellowship ( Fig. 2; and Supplemental Table 1 , Supplemental Digital Content 1, http://links.lww.com/PCC/A615).
Airway Management Training Curriculum for Pediatric Residents
Two sites were not asked about the training curriculum, as they ended participation in NEAR4KIDS during the study period. Table 3 ). All the PICUs having training curriculum (7/7; 100%) included bag mask ventilation, oral or nasal airway placement, and TIs. Laryngeal mask airway placement was covered in five of seven PICUs (71%). Pediatric residents were expected to perform TIs in six of 23 PICUs (26%); this expectation was not different among PICUs with an airway management curriculum for residents (2/7; 29%) versus PICUs without a curriculum (4/16; 25%; p = 0.62).
Association Between Airway Management Training Curriculum and Resident Participation Over Time
The presence of a resident airway management training curriculum was associated with lower resident TI participation (TI in PICUs with a specific curriculum: 617/4,348: 14% vs TI in PICUs without a curriculum: 847/4,678: 18%; p < 0.001). The decline in resident TI participation was similar in PICUs with versus without a resident airway management training curriculum (Fig. 3) . The trend for resident first-attempt success was similar among PICUs with versus without a curriculum ( Fig. 4; and Supplemental 
DISCUSSION
This study examined TI participation by pediatric residents as laryngoscopists over time, especially focusing on the trend before and after the ACGME guideline change in resident nonneonatal TI requirement in 2013. Our study demonstrated that overall resident participation in TI has significantly decreased over the last 6 years. Although pediatric residents participated in 16% of all TIs on average, the current resident participation rate as of FY 2016 is only 8%. There has been a significant yearly decline in resident TI participation, even after adjusting for patient-level characteristics including age, indication, severity score, difficult airway features, and the use of neuromuscular blockade. Surprisingly, there was no significant difference in resident TI participation before and after ACGME guideline change in resident nonneonatal TI requirement. After stratifying by PCCM fellowship program presence, the decline in resident TI participation was only significant in PICUs with PCCM fellowship. Interestingly, we found no difference in the downward trend of resident TI participation among PICUs with a resident airway management curriculum versus those without it. Furthermore, the expectation for residents to perform TI and the presence of airway management training curriculum were not concordant, suggesting a mismatch in the existing training curriculum and actual resident trainee TI practice.
Our results demonstrate a significant and steady decline in resident TI participation in PICUs since 2010 to date regardless of the ACGME guideline change. The reasons for this decline are most likely multifactorial. First, it is possible that the nonneonatal TI requirement for pediatric residents might have been perceived as unrealistic in many PICUs even before the ACGME guideline change. Second, there is a domino effect, that is, the current decrease in resident TI participation likely perpetuates further decreases in future resident TI participation. The majority of TI opportunities are needed to be given to PCCM fellows, in part due to their inability to attain nonneonatal TI skills during their pediatric residency. This could help explain the difference in resident TI participation and decline rate between PICUs with versus without PCCM fellowships. Recent increase in the use of noninvasive ventilation might have also reduced the total number of TIs overall (18) (19) (20) . Third, the PICUs with PCCM fellowships are in larger academic centers that are usually staffed with multidisciplinary frontline providers (e.g., nurse practitioners, physician assistants, and respiratory therapists) who require ongoing training to perform TIs in PICUs. This might further contribute to the rapid decline in resident participation in PICUs with Pediatric Critical Care Medicine www.pccmjournal.org e247 PCCM fellowship programs. Fourth, our ongoing multicenter TI quality improvement intervention might affect attending physicians' decision to allow residents to participate in TIs in PICUs, because the intervention emphasized the importance of provider TI skill competence to be matched to patient risk and level of technical difficulty (21) . Finally, the duty working hours for the residents might be also one of the contributing factors for more limited procedural experience (22) (23) (24) (25) .
Learning TI skills requires structured training. Previously published studies from PICUs and neonatal ICUs demonstrated that pediatric resident clinical exposure is no longer sufficient to provide training to achieve procedural competence. Anesthesiology literature with novice learners reported that in order to achieve 90% probability of TI success, one must participate in approximately 40-50 TIs (26, 27) . More recent studies demonstrated that there is substantial variability among individual trainees in achieving TI procedural competence, making a universal recommendation for the number of TIs difficult (28) (29) (30) . Individual procedural competence assessment using cumulative sum method might be more appropriate in the future (28, 30) . The TI first-attempt success rate of pediatric residents did not change significantly over the study period. We speculate that this might be due to a patient as well as a provider selection bias, that is, more acute care-oriented residents with previous TI experience might be preferentially given more TI opportunities for low-risk patients. Interestingly, the resident success rate in PICUs with PCCM fellowship was significantly higher as compared to PICUs without PCCM fellowship. It may be that residents are more restricted, and only those who have demonstrated some proficiency may be allowed to participate in TIs in these academic PICUs where routine resident participation is less expected. This process might have been even more emphasized when TI quality improvement airway bundle checklists were implemented in several PICUs (21) . This might also explain the nonsignificant increase in TI success rate in PICUs without PCCM fellowship programs. It is also worth noticing that the first-attempt success rate was low (i.e., < 40%) overall, even when pediatric residents attempted to intubate patients with lower PIM2 scores and no history of difficult airway.
Responses from site PIs revealed that 26% of PICUs expect their pediatric residents to perform TI in the PICU. One of the interesting findings was that this expectation was not concordant with the presence of an airway management training curriculum for residents. Furthermore, the decline in the participation rate was similar across all PICUs, both with and without resident airway management training curricula. This can be explained by the finding that presence of an airway training curriculum was more common in academic PICUs with PCCM fellowship, where resident participation in TI is either low or not expected. This discrepancy between expectation for resident TI participation and training curriculum presence should be narrowed in the future. Specifically, there may be a need for a resident airway management training curriculum in the PICUs where they are expected to participate in TIs. Alternatively, in the PICUs where residents TIs are not expected, resident airway training curriculum might better focus on basic skills such as identification of potential difficult airway, bag-mask ventilation skills, oral and nasal airway placement, and laryngeal mask airway placement.
Simulation-based education was the dominant training modality in all of the PICUs with resident airway management training curricula, whereas didactic sessions were also provided in five of seven PICUs. Strikingly, only one PICU used online-based education as a training modality. Sawyer et al (32, 33) . During the "Prove" step in this framework, learners are required to achieve mastery in simulation before attempting the procedure on a patient. To structure TI training curricula for residents, this multistep model with didactic and online-based education followed by simulation with mastery learning approach might be considered. This study has several limitations. First, all TI data are selfreported by sites. To minimize any reporting biases and inaccuracy, a site-specific compliance plan has been in place and the data coordinating center cross-checks the trend and accuracy. However, we cannot completely eliminate the possibility of reporting bias. Second, we included only 25 PICUs in our study, which represents less than 10% of the PICUs across the United States (> 400 PICUs); this may limit the generalizability of our findings (34) . Also, some residents might have performed TIs outside PICUs (emergency department or operating room under supervision), which were not included in our study. Finally, the main investigators inquired about the airway management training curriculum from the NEAR4KIDS site PIs who are PICU attending physicians engaged in airway management education and quality improvement. The reported information might not accurately describe their complete PICU practice, especially in this topic, if their teaching styles vary between them and their colleagues.
CONCLUSIONS
Pediatric resident participation in TIs as first laryngoscopists has declined significantly from 2010 to 2016; specifically in the PICUs with PCCM fellowship programs. The 2013 ACGME requirement change did not affect pediatric resident TI participation, after accounting for site-level clustering and adjusting for patient characteristics and PCCM fellowship presence. The first TI attempt success rate of pediatric residents did not change significantly over time. Only a quarter of PICUs have an airway management training curriculum for residents, and the presence of a training curriculum did not match the expectation of residents to perform TIs.
